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1.0 INTRODUCTIOW

1.1 Purpose

This report provides a detailed discussion of the communications
requirements for a Loran-C based sur.eillance system proposed for the
Prince William Sound Vessel Traffic Service. The positions of tankers
which call at Valdez, Alaska to load crude oil from the Trans-Alaskan
Pipeline (TAPS) are currently monitored by a Vessel Movement Reporting
Svstem (VMRS). The VMRS requires that each vessel report its position
via 3 voice radio call at designated points during its transit through
Prince William Sound. A need to monitor the position of the TAPS tankers
as thev transit Prince William Sound more accurately than is possible
with a VRMS has heen identified. Additionally, there is a potential
recuirement to monitor the position uf other vessels in Prince William
Sound of a size gimilar to the tankers, if economic growth occurs in
Valdez.

After a description of the operational environment in Prince William
Sound, the proiect phases which culminated in the implementation of a
useable communications subsystem for a Loran-C based position monitoring
scheme are discussed. The rationale used to select some of the operating
parameters of the subsystem is discussed. Appendix A contains a set of
recommended subsvstem parameters that were developed from the prototype
Adevelopment and evaluation.

1.2 Backaround

The southern terminus of the Trans-Alaskan Pipeline is the Alyeska
Marine Terminal located on the bay of Port Valdez, AK. 0il carrying
ehipg arrive at the terminal almost dailv to load crude oil) for shipment
to the continental U.S. Authorization to construct the pipeline was
aranted in the Trans-plaskan Pipeline Authorization Act (P.L. 93-153),
vassed Novemher 1973, The act also contained specific recuirements for
the U.S. Coast Guard to establish a Vessel Traffice Service (VTS) to
prevent loss of life and propertv and to protect the navigable waters
surrounding Valdez and their resources from environmental damage. The
VTS service area coverage was designated to include the waters of Port
Valdez, Valdez Narrows, Valdez Arm and Prince William Sound. Figure 1
shows the VTS service area.

The Prince William Sound Vessel Traffic Service, more popularly
called v™s vValdez, has been operational since 25 July 1977. Prior to
putting the Prince William Sound Vessel Traffic Service in operation, the
Coast Guard published a notice of proposed Federal rule making which
contained a description of the surveillance techniques to be used.
Several responses from both public and private interests in Alaska
emphatically supported more surveillance than proposed for the southern
Prince William Sound area. The comments favored more active tracking of
the oil tankers transitinag the sound. The TAPS o0il tankers are already
required to carry loran~C equipment, therefore, the development of a
Loran-C based position monitoring system has been emphasized.

AP Owrs
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2.0 DFSCRIPTION OF SFRVICE AREA

2.) Topodraphv

The terrain surrounding the Valdez/Prince William Sound Area is
extremely ruagged. Valdez is in a fiord-like setting with 2500 foot
ridges lining valdez Arm, Valdez Narrows and Port Valdez. 1In addition,
both the mainland and the islands surrounding Prince William Sound
contain mountains of 1000 to 2000 foot heights. This topography
complicates the effective use of the two most widely used VTS operating
tools, radar and VHF-PM communications, which are line-of-sight RF
transmission systems. As a result, both remote radar and remote VHF-FM
transmit/receive sites must be used. These sites are tied to the VTS
operations center by microwave link. Figure 2 shows the area covered by
the two svstems.

?.? Qperations

The authority for the Coast Guard to operate the Prince William Sound
Vecsel Traffic Service is contained in the Ports and Waterway Safety Act
of 19072, The reagulations governing the operations are published in Title
33, Code of Federal Regulations, Subchapter P, Part 161, An operating
manual, "Vessel Traffic Service Prince William Sound Operating Manual"
{CG-D17-070) dated July 1977, which contains excerpts of the regulations
with clarifvino comments, is available to mariners from VTS Valdez.

vTS, Valdez is operated on a 24-hour-a-day, 7-davs-a-week basis. The
operations center, called the Vessel Traffic Center (VT™C), is located in
the (Coast Guar” Marine Safetv Office in the town of Valdez, AK. From the
vrC, all vesse! traffic in both Prince William Sound and in the Valdez
area is continually monitored. Advisories are issued to promote safe
traffic movement. A vessel's size, its use and its location in the
service area determines its level of monitoring. Within the Vessel
Traffic fenter, two distinct Coast Guard mission functions are performed:

(a) VTS valdez - which monitors vessel traffic.

(h) Radio Valdez - which receives and relays Coast Guard record
message traffic via radio and landline teletype, files float plans
for boaters and handles any SAR cases that occur in Prince William
Sound., In addition, radio Valdez transmits local Notices to Mariners
on a regular basis.

There are normally two watchstanders on duty in the VTC at all times.
One watchstander is assigned to perform the VTS monitoring duties; the
other is assianed as a communications watchstander. Both are
cross-trained to provide assistance to one another when necessary. The
VTS watchstander is called the controller; the other watchstander is
designated radioman. As many as eighty-five telephone calls per day are
answered by the two watchstanders.
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The controller can monitor vessel traffic by radar and the Vessel
Movement Reportina System (VMRS). Radar provides continuous coverage
from a point northr of Naked Island (see Figure 2) into Port Valdez. When
an oil tanker is transiting within the radar coverage area, the
controller is required to maintain a plot of the tanker's position.
Position plots are made every six minutes. A complete radar plot
requires 35-40 fixes: each position plot takes approximately thirty
seconds. The VMRS is a cooperative monitoring scheme in which vessels
provide position, course and speed information to the VIC via VHF-PM CH
13, when transit{ng Prince William Sound each tanker is required to
report at two locations, abeam of Schooner Rock at Hinchinbrook Entrance
and aheam of Naked Island. A vessel is under VMRS monitoring for
approximatelv five hours. In addition to making the two VMRS reports in
Prince William Sound, tankers are required to make preliminary reports
hoth twenty-four hours and three hours prior to arriving at Hinchinbrook
entrance anA at least thirty minutes prior to either entering or
beginnina to navigate in the VTS service area. When transiting Prince
William Sound, all traffic is required to follow a traffic separation
scheme (TSSY., The TSS route is shown in Fiqure 1.

An anchoraage is being estab)ished just south of Knowles Head
{Piaure 1.

2.3 Communications

Fiqure 2 shows the location and coverage area for the five VHF-FM
transrit/receive sites located at Valdez, Potato Point, Johnstone Point,
Cave Hinckinbrook and Montague Peak. Table 1 lists some of the
characteristics of each site. FEach site has the same basic equipment
confiauration of:

(a' ReAdundant Transmit/Receive Fauipment

(~Y  Selectable Transmit Power - Fifty or Ten Wattrs
{c}y Guard Receivers on CH 13 and CH Jé&

(&) Six channel transceiver

Montacue Peak operates on only ten watts and at a low duty cycle to
conserve the therma) generating units which provide primary power.
Johnstone Point has no quard receivers.

Four of the sites are remotely linked to the operations center by a
Cardion Microwave System. This system provides thirty-six voice grade
channels (300Hz to 3400Bz). Twelve of the channels are used for Moore
Alarm Systems which are installed at the remote sites, and seventeen
channels are used to carry transmit and receive audio to and from the
remote sites.

The two microwave relay stations are located at Montague Peak and
Mount Thomas (adjacent to Potato Point). The Montague Peak station
relays through the Mount Thomas station to the VIC. The Montague Peak
station directlv serves the Montague Peak, Johnstone Point and Cape
Hinchinbrook VHF-FM sites. The Mount Thomas station directly serves the
Potato Point VHF-FM site,
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POTATO | JOBNSTONE CAPE MONTAGUE
VALDEZ | POINT POINT | RINCH] | __PEAR |
POSITION 61-085 | 61-038 | 60-29% 60-158 60~15N
146-21w] 146-4aw] 148-36w 146-39W 147-00W
CHANNELS 6,13,16} 6,13,16] 6,13,16 6,13,16 6,13,16
21,22,81|21,22,81] 21,22,81 21,22,81 21,22,81
mr 25 50 50 50 10
POVER WATIS | wATTS | waTTs WATTS WATTS
ANTENNA
TYPE ARRAY | ARRAY | ARRAY ARRAY vEIP
ot 6a3 | s9as sas 94z ods
DIRECTION
MAXIMUM 03s°t | 210°7 | 320°71 140°T OMNI-
GAIN DIRECTIONAL
EELCTIN sofe | 7sgc | 20fe 2501t 224011
ANTENNA )
HEIGHT 35ft 90£f¢ 100f¢ 151t 30ft
(ABOVE TERR.)
LINE OF SIGHT .
7o wATER 12.2om | 18.2om | ‘15.5mm 25. 5 67.4mn
};’m““";“’gn‘“ 20.0on | 25.9om | 23.2mm 33.20m 75.1m
1

Table 1 VEF-FM SITE DATA
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The VTS controller and the radioman each has his own console. Each
position provides the capability to either independently control the
transceiver equipment at each site, control any combination of sites or
control all five sites simultaneouslv. Each console has five speakers,
one speaker for each site. Any one of the three receivers (two guard
receivers and one transceiver) located at one site can only be monitored
through one speaker on the console by a system of muting two receivers
while one is active. The muting scheme is not entirely effective, and
this causes ocassional feed through and/or crosstalk at each console. ’x

Through operating experience, the established procedures for carrying out
communications are:

(a) Potato Point, Montague Peak and Cape Hinchinbrook are used for
VTS on CH 13,

(h) Johnstone Point is used on CH 16 and CH 22 for SAR and Notice to
Mariner Broadcasts.

(c) Valdez is used for communications in Port vValdez and,
occasionallyv, for communications in the area of Hinchinbrook
Fntrance. Communications to the Hinchinbrook Entrance appear to take )
advantage of an RF skip phenomenon. :

|

The common practice is to listen to either CH 13 or CH 16 using the .

guard receivers and only use the transceiver to carry out two-way ‘i

communications. FHFowever, because Johnstone Point doesn't have any guard i

receivers, it's transceivers must he dedicated to CH 16 to listen for SAR
calls.

A third communications vosition in the operations room provides a spare
for the watchstanders.

Kby

To date, the average volume of traffic is rine vessel transits per
dav. Of the nine transits, four are tanker transits. This means that,
on the average, two tankers call at Valdez each day. The Alyeska
terminal is capable of accommodating four tankers at a time. Therefore,
it is possible that a worst case situation could occur whereby four
tankers are leaving Valdez, four tankers are at anchor in the vicinity of ;
Knowles Head waiting their turn to load and four tankers are arriving to 3
ago to anchor at Knowles Head., All twelve tankers would have to hLe b
monitored as they moved through Prince William Sound.

2.4 Future Growth '
!
2

In addition, plans for Valdez port expansion include the construction
of a container port and an oil refinery by 1985. Estimates are that this
would add a maximum of two container ships and four refinery product
carriers to the traffic volume each Amy. These six ships would probably
be included in the proposed surveillance scheme. This makes an estimated
worst case total of eighteen ships to be tracked at one time.




3.0 POSITION MONITORING SYSTEM CONCEPT

3.1 Overview

The proposed system is to provide a complete record of a vessel's
position as it proceeds along the lanes of the established Traffic
Separation Scheme in its transit of Prince William Sound. The present
area of operation extends through the Sound from Hinchinbrook Entrance to
the southern limit of radar coverage which is in the vicinity of Naked
Island. Fiqure 4 shows the area to be covered.

3.2 Operational Objectives

The ohjectives for the Position Monitoring System are to provide
positioning accuracies comparable to those allowed by the Loran~C signal
conditions in Prince William Sound, and provide position information with
the same reqularity as required of a radar position plot, i.e. once every
six minutes. 1In addition, there should be little or no increase in the
workload presently performed by the VTS watchstander. Also, communica-
tions should be carried out over existing communications links.

3.3 Basic Communications Subsvstem Constraints

The suhsystem development was constrained by several practical
considerations:

(a) Method of Operation

The exicsting VMRS requires that a vessel communicate with the VTC:
when ahear of Schooner Rock in Hinchinbrook Entrance and when abeam of
Maked TelanA. The transit between these two points can take up to three
hours, If the proposed svstem is to provide a position report every six
minutes between these points, the number of reports increases to
approximately thirtv. The increased burden placed on both the VTC
watchstander and a vessel operator, if this function is performed
manually, wou)ld be unacceptable. A form of automation is considered
mandatory.

(b Tnformation Passed

The minimum information reaquired at the VTC is vessel identification,
vessel position and the time of position observation. This information
must bhe updated at least every six minutes.

{c) Communications Frequency

Communications are to be carried out using existing maritime mobile
communications equipment.

(d) Flexibility

The proposed svstem must be able to communicate with a minimum of
eighteen vessels in one six minute period. This will accommodate the

9
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worst case situation postulated in Section 2.4, However, it is not
clear that all vessels being monitored under the worst case situation
wil) have Loran-C eguipment. Some might have other navigation equipment
that provides latitude/longitude readout. Therefore, the system must be
flexible enough to accommodate both latitude/longitude data and Loran-C
time difference data.

(e} Communication Range

Reliable communications must be maintained hetween the VTC and
vessels operating in the area of Prince William Sound between
Hinchinbrook Entrance, Naked Island and Knowles Head. A figure of merit
to better define the term "reliable®™ has not been developed. An initial
goal of achieving a 95% probahility that reports of current position will
be received from a vessel at intervals that are not greater than six
minutes avart has been arhitrarilv set.

2.4 System Concept

The present system concept is to provide for automatic communications
and raw data collection. VIC Valdez will have an output printer
connected to a communications processor. The processor will be
corrected, via a modem, to the existing VHF-FM communications system.
Figure 5 illustrates the concept.

Anv vessel participating in the monitoring system would carry a
communications processor which would@ be interfaced to either a Loran-C
receiver or some other position determining device. The shipboard
communications orocessor would also be connected, via a modem, to a
VHF-FM radio. ‘The processor would obtain either Loran-C time difference
or latitude/lonacitude information from the position determining device
and transmit the data via radio when polled. The VTC communications
orocessor would poll the shipboard equipment at regular intervals. The
shiphoard eaquivment would respond to each poll by sending the ship's
current position as determined by the device to which it was connected.
The raw position data, along with the ship's identification would be time
annotated and printed out at the VIC so that the watchstander could
manually plot the position on a chart.

4,0 ANALYSIS OF IMPLEMFNTATION

A number of alternatives are available for implementing the
ccmmunications subsystem of the proposed position monitoring system.
This section discusses some of the alternatives that were considered.
This analvsis was performed in the context of the conceptual system that
is described in Section 3.4. The Transportation Systems Center (TSC),
Cambr idge, MA assisted in the analysis by providing information on
modulation techniques, message structure, acquisition techniques and
polling techniques,

4.1 Modulation
FPive methods of modulation were considered:

11
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{a) Binarv Non-Coherent Frequency Shift Keying (PSK)

Ih) Binary Coherent Phase Shift Keying (PSK)

(c) Binary Differential Coherent Phase Shift Keying (DPSK)

(d) OQuaternary Coherent Phase Shift Keving (QPSK)

(e) OQuaternary Differentially Coherent Phase Shift Keying {(QDPSK)

Three criteria were considered in the evaluation of these modulation
me thods.

4.1.1 Bit Error Probabilities

This criterion relates to the theoretical number of errors one can
expect to observe in digital messages as a result of the radio signal
that carries them. The message errors are expressed in terms of error
hits per total number of bits transmitted. The comparison between
modulation techniques is achieved by tabulating the theoretical
sianal-to~noise ratio (SNR) required to yield a nominal value of one bit
error per ten thousand (10°) bits transmitted. This implies that the
modulation technique which requires the lowest SNR for a given bit error
nrobahility is most efficient. The following list tabulates the five
modulation techniques in descending order. Minimum SNR required to
achieve a bit error probability of one error per 105 bits:

(ay PSR ~ 9.6 de
(h) DPSK - 10.3 &B
(c) OBSK - 12.f 4B
(d) PFSK - 13.3 @R
(e} ODPSK- 14.9 dB

4.1,2 Performance in a Fadinag Media

Fadino is caused bv the cancellation effect of receiving a radio
signal via two or more paths. One path will always be a direct path
hetween the transmittina antenna and the receiving antenna. Other paths
will be developed as the radio signal bounces off such masses as water,
land areas, bridges, other man made structures and the atmosphere. All
the phase ghift keving technigques, i.e,, PSK, DPSK, OPSK, ODPSK, are more
susceptible than FSK to interference due to the fading and phase shifting
caused bv this multipath phenomenon. Also, OPSK and ODPSK are more
susceptihle to interference than PSK and DPSK.

4.1.3 Complexity of Implementation

The issue of romplexity of implementation is a central issue in the
analysis of modulation technigues because the final selection is first
constrained by the equipment available. Preference should be shown to
that technique which involves the least amount of equipment
modification. A basic analysis can bhe made based on receiver designs
which involve three methods of modulation detection: (a) coherent
detection, (b) differential detection and (c) non-coherent detection.

Coherent Aetection is employed with the PSK and OPSK modulation
technigues. Tt is accomplished by comparing the received signal to a

3
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reference signal that is generated in the receiver. This method of
operation would reguire that some feature be added to the existing VHF-FM
equipment to generate the reference signal. This type of egquipment
modification is estimated to be more complex to implement than
modifications discussed below.

Differential detection is employed with DPSK and DQPSK modulation
technigues, It is accomplished by comparing a received bit of
information to the bit that arrived just before it. This implementation
requires that some delay feature he added to the existing VHF-FM receiver
to allow the comparison to take place. Of the modifications considered,
this is estimated to be the second most caomplex technique to implement.

Non-coherent Jdetection is employed with FSK and can be accomplished
without modifying the existing VHF-FM equipment if the modulation is
implemented in the audio baseband. Detection is accomplished in the
existing receiver discriminator circuitry. Further conversion to digital
haseband signa) can be performed on the receiver audio output using an
off-the-shelf modem. Operating on the receiver audio output is
Aesirable, because it permits the use of either an existing microwave
link or existing telephone lines to relay the data between remotely
located radio eaquipment and anv displav/processing svstem without
recuirina additional modification to the relay link.

4,1.4 Conclusion

FSK modulation was selected for implementation because in two of the
three areas of evaluation it was found to be more applicable to available
VTS equipment. It is definitelv the best choice based on the detection
criteria since the existina VHF-FM equipment can he used without
modification. Furthermore, all processing to recover a digital message
in ite oriainal form can be accomplished bv demodulating the auvdio signal
after it is output from the VHF-FM receiver. Hence, the microwave relay
linrks presently emploved at Valdez can be used without modification. 1In
addition, FSK modulation is the least susecptible to fading of any other
modulation techniques considered.

4.7 Message Structure

™0 criteria were evaluated:
(a) Data Encoding
(b) Synchronization

4,2.1 Data Encoding

In a binarv transmission system such as the one envisioned for this
communications link, the choices for a binary code include either a
character oriented approach or a straight bit oriented approach.
Character oriented codes such as Baudot Code, Binary Coded Decimal (BCD)
and American Standard Code for Information Interchange (ASCII) use a
fixed number of bits to represent a particular set of alpha-numeric
characters. For instance, BCD is a four bit code that is used to
represent the numbers 0 thru 9., It is an accepted code which is commonly
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used, but it can be somewhat inefficient when four data bits represent
ten separate characters instead of the sixteen characters it is possible
+*o represent. For this application, Baudot and ASCII are also
inefficient because these codes can accommodate a wider variety of
characters than is needed. However, using a standard code can make
implementation easier. There are many equipments on the market that
accommodate ASCII, particularly in the computer world.

Bit oriented codes are probablv more efficient in terms of deriving
the areatest amount of information using the least number of bits. This
is because information can be coded as a single value rather than a
character at a time. For example, the binary (bit oriented) represen-
tation of 9999 takes fourteen data bits. It would take sixteen bits to
represent the numher in BCD and thirty-two data bits to represent the
number in ASCYI. Two major drawbacks in implementing a bit oriented code
are that jt must be designed from the ground up.

4,2.2 Synchronization

The ability to obtain information from a bit pattern, as received in
a Aiagital message, depends on how well the receiving equipment can be
svnchronized with the bit pattern. The equipment must recognize both the
heginnina and end of each message and the time of occurence of each hit
in the messace. Two transmission techniques that are used@ to provide the
recessarv svnchronization are synchronous transmission and asynchronous
transmission. Svnchronous transmissions allow the transmission of blocks
of bits by establishing synchronization at the beginning of the blocks.
This techniocue usually allows more information to be passed for a given
data rate than asynchronous transmission. Asvnchronous transmission can
be associated with character oriented coding. This technique makes use
of additional data bits placed at the beginning and end of each
transmi tted character. The extra bits indicate to the receiving
equipment when the start anéd end of a character occurs. The advantage of
the asvnchronous technigue is that it is easily implemented when using
common codina schemes such as the ASCII code.

4.7.3 Conclusion

The basic criteria for selecting a message structure was to select a
structure that was effective and easy to implement. The selection was
influenced more bv compatibility with existing hardware than by the
technical properties of either the coding schemes or the synchronization
schemes.

The ASCII coding scheme was selected because it was compatible with
presently available hardware, both computers and terminals. In addition,
a modestly priced electronics compcnent is readily available that
automatically generates the start and stop bits to allow for asynchronous
data transmission. This large scale integrated circuit component is
called a Universal Asynchronous Receive/Transit (UART) chip. It greatly
simplifies the generation of the digital messade and eliminates the need
for any software overhead to encode and decode the bit patterns. Its use
will areatlv reduce the cost of implementing the shipboard equipment.
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4.3 Pollina Techniques

Selective callina, or polling, must be incorporated in the position
monitoring system in order to maintain control of the communications
link. Fach vessel being monitored can be interrogated discretely, thus
reducing the risk of interference by random transmissions from other
vessels. The polling process involves acquisition and information
transfer (polling).

4.3.17 Acauisition

The orocess of acquisition requires that the identity of all
participating vessels be obtained so that thev can be regularly polled to
obtain updated position information. Four existina acquisition
techniques were investigated: (a) acguisition by voice, (b) guard zone
plus voice, (c) all-call jinterrogations and (d) acquisition by random
squitter.

gy S e

Acquisition by voice is a simple, and straight forward technigue
whereby a vessel calls a VIC to report his presence. The VTC
watchstander then either adds the vessel's identification to a polling
list or assigns the vessel a temporary identification for polling
purposes. The success of this technique depends on a vessel making a
timelv report when it arrives in a VTS area.

Cuard zone acguisition allows for automatic acquisition of a vessel.
Thigs technique is based on the establishment of a guard zone at all
entrances into a VTS service area. A vessel transiting through the zone
prior to enterina a VTS area either broadcasts a unigue message or
answers a unique pol) to become included in a polling sequence. This -
svstem reguires that each vessel possess some type of equipment to i
racoonize when it is in the guard zone so that it can transmit the !
acquisition signal, o 4

All-call interrogations are commonly used in air traffic control to
automatically acquire the identity of aircraft entering a radar
surveillance area. The radar signal is used to interrogate a transponder
on the aircraft that replies with the aircraft's identification. Normal
radar operations give the aircraft's position. The radar application of
this technigue is not applicable to the vessel monitoring problem because
the monitoring is to be carried out outside of radar coverage. However,
the all-call concept is viable if a vessel has equipment that carries out ) :
the function of the aircraft transponder. 4

Saujitter refers to a signal that is transmitted infrequently and at ]
random times. This technique requires that a vessel transmit a squitter i
signal containing its identity. The shore station constantly listens for
squitter signals, obtains a vessel's identification and adds the
identification to the polling list,

4.3.2 Information Transfer

The information transfer process is the actual pelling process. The
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following polling schemes were investigated: (a) random access, (b)
bub-tvoe, (c) roll call, () time ordered and (e) assigned time slot.

Random access is not a true polling technigque although it was
evaluated as onre in this effort. It can be employed where message
3 traffic is infreguent, and few units are transmitting information. This
3 technique allows a station to transmit at will when it has data to be
passed. A modification of this technigue employs a timing scheme in
; which the transmissions are made based on a timed schedule rather than in '—
! a random fashion. Both methods can be used in cases where data is not
transmitted too freguently ancd where usage of the communications channel
for other communjcations is low. It is not clear that such conditions
exist is the VTS environment.

; Bub-tvpe polling is used in computer networks. This technique is

; used to reduce the amount of time taken to poll all terminals in a

f computer communications network. In practice, the most distant terminal

! ie polled first. When the most distant terminal replies, it includes in
its message the address of the next most distant terminal along with a

‘ "qgo ahead" bit signal. When the next most distant terminal detects the

! "go ahead" sional, it transmits:; this process is continued until all

E terminals have transmitted. Bub polling eliminates the need for the

f computer to poll each terminal seperately, and, thus, reduces the polling

L time. The application of huh-tvpe polling to position monitoring

communications appears to he impractical because of the intelligence

reauired of each piece of shipbhoard eguipment to know who to address in

the "go-ahead" signal,.

! Ir roll-call polling, a central station polls each remote station in

| sequence, A replv is expected from each remote station immediately after
it is polled, The central station has complete control over the polling

' station. This technicue appears to be applicable to the position ;’
monitoring communications requirements.

o Time ordered polling requires that the responding units be separated
- ] bv enough distance and that the reply messages be short enough so that
the messages arrive at the central station without overlapping. It is

! anticipated that these necessary conditions would not always exist in a
? I'PS environment to allow time ordered polling to be used successfully.

Assigned time slot polling requires only one interrogation from a
central station to get replies from all terminals. To accomplish this,
each terminal is assigned a unique time slot in which to reply after )
receiving a polling signal. This *echniague reduces the amount of time
needed to poll all terminal by eliminating the need to poll each
terminals independently. It also could make the reply messages shorter
because the unique time slot can be used to uniquely identify each
terminal; thus, eliminating the need to include identification in the J
’ reply message. In a VTS scenario, assigned time slot polling could be
implemented by assigning each vessel a time slot upon checking into a VTS '
' area. The time slot could be manually entered into the shipboard

equipment and could be used for the entire time the vessel was in the
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system. When a ship using a particular time slot departed the VTS area,
the time slot could be reassigned to another ship.

4.3.3 Conclusion

In order to achieve a degree of automatic operation, those

] acquisition and polling techniques that require either voice contact or

' manual equipment adjustments were not selected., Instead, a modified
version of the all-call acquisition technique and the roll-call polling
technique was selected. Using the all-call acquisition technique allows
for automatic acauisition of vessels as they enter a VIS area. Roll-call
polling allows a great amount of flexibility in information gathering by
providing the capability to address ships individually. This approach
offers the option of polling some ships more often than others and to
re-pol) a ship if its reply message is garbled. It is anticipated that
the combhination of all-call acquisition and roll-call polling will allow
completely automatic communications.

4.4 Bit Rate

Bit rate refers to the speed with which the individual bits of a
digital message are transmitted. There are many standard bit rates that
can be us2d on the VHF-FM communications link chosen for position
monitoring. Thev range from 110 bits per second (bps) to 4800 bps.
However, as the speed of transmission increases, so does the rate at ]

which errors occur. Previous experience with a similar communications
link showed that a bit rate of 300 bps gave excellent results. However,
1 increasing the bit rate allows the transmission of the sane amount of
data in a shorter span of time. Therefore, a bit rate of 1200 bps was é
i selected., This transmission speed will provide low error rates and allow
the transmission of data four times faster than 300 bps, thus reducing N
on-air time. In addition, 1200 bps is a standaré bit rate which means it o3
l can be implemented using existing components.

4,8 Signaling Tones ;

The selection of binary non-coherent frequency shift keying (FSK) as
a modulation technique provided the opportunity to modulate the VHF-FM
. transmitter with two audio tones. The tones can be generated external to
the transmitter and input at the transmitter microphone input
connection. This minimizes the amount of modification required in the
transmitter. Likewise, demodulation can be accomplished external to the
VHF-FM receiver by operating on the audio signal as 1t appears at the ,
receiver audio output. This techniaque minimizes the amount of '
modification required in the receiver. Both transmitter modulation and
receiver demodulation can be accomplished using a commercially available
MODPM.

The principal operating characteristics of a MODEM are the freguency ;
of its signaling tones and the range of bit rates over which it i
| operates. Common sets of characteristics are identified by name and/or
J number. The signaling characteristics chosen for the communication link
is the Bell 202 characteristic. The two signaling frequencies are 1200Hz
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and 22004z. MODEMS built around this characteristic provide proven
performance on telephone systems possessing the same 300Hz to 3000Hz
baseband input as the existing VHF-FM transmitters and receivers.

4.6 Carrier Deviation

Transmitters used in the 156 to 174 MH, band are designed to limit
the amount of carrier deviation to +/- S5kHz for a total of 10kHz output
bandwidth. The transmitter, however, has a nominal output bandwidth of
15kHz. Modulating signals can be of sufficient amplitude to cause the
transmitter to generate sideband frequencies that are not transmitted
because they fall outside the 15kHz bandwidth. This causes the
transmitted signal to be distorted. The distortion is not noticable when
carrving out voice communications hecause the human ear compensates for
it. However, similar levels of distortion may not be tolerable in a
machine controlled communications link and large numbers of message error
could occur. Therefore, it is advisable to take steps to minimize
distortion by controlling the amount of carrier deviation. This can be
done bv adijusting the output level of the MODFM,

Carson's Rule provides a rule of thumb for calculating allowable
deviation levels. The rule relates deviation and modulating frequency to
handwidth in the following expression:

B = 20f3 + fp) where: B = Bandwidth
f4= Frequency Deviation
fm= Modulating Frequency

The ahove exprecssion defines the bandwidth required to provide enough
power ir the transmitted spectrum (98 percent) so that modulation can be
recovere? at a receiver without appreciahle distortion. 1In this case,
the bandwidth is set at 15kHz and the frequencies of modulation are set
at 1.2kHz and 2.2kHz. Therefore, by transposing the expression to solve
for f3, the theoretical allowable value of f4 is as follows:

(a) at fy = 1.2kHz; fq = 6.3kHz
(b) at fy = 2.2kHz: fq = 5.3kHz

Since the maximum allowable frequency deviation is SkHz, the above
calculations show that the modulating signals can be adjusted to an
amplitude that provides maximum allowable frequency deviation without
causing Adistortion in the recovered signal. However, operating at
maximum allowable limits is not practical because distortion could also
be caused bv existing circuitry which prohibits exceding the 5kH,
Timit, Such distortion could occur as a result of equipment adjustment
error. Therefore, it is recommended that the maximum deviation be
limited to a nominal 4kHz to avoid the possibility of unknowingly
exceeding the S5kHz deviation level and, thereby, causino distortion in
the transmitted signal.

4.7 Summary of Technical Characteristics

As a result of the analysis, the following technical characteristics
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were selected.

4.7.1 Overating Frequency

The provosed communications link will occupy one of the established
channels in the maritime mobile band (156 to 174 megahertz). (Refer to
Sect. 4.1)

4.7.2 Modulation

Modulation will be accomplished using a binary non-coherent frequency
shift keying (FSK) technigue in which two audio tones will be generated
to provide the modulation. The modulating tones will conform to the Bell
202 data transmission characteristic. A mark, or binary one, will be
represented by a 1200Hz tone, and a space, or binary zero, will be
represented by a 2200Hz tone. The amplitude of the modulating signal
should not exceed a level that would cause more than 4kHz deviation of
the transmitted carrier freauency. (Refer to Sect. 4.2, 4.6 and 4.7)

4.7.3 Data Code

The American Standard Code for Information Exchange (ASCII) will be
used. The specific code wil)l be ten level ASCII, consisting of one start
hit, seven data bits, one paritv bit and one stop bit. (Refer to Sect.
4.7
4.7.4 Rit Rate

The bit rate will be 1200 bits ver second (bps). (Refer to Sect. 4.3)

5.0 DESCRIPTION OF AN OPERATIONAL SYSTEM

An experimental Loran~C position monitoring system called a Polled
Loran-C Displav Svstem (PLDS) has been implemented. It employs a
communication link possessing the technical characteristics summarized in
Sect. 4.7. Both the protocol governing link operation and the content
and format of the messages passed in the link were selected based on a
hest estimate of the operational needs to he served. This section will
describe the existing PLDS communications concept.

5.1 Polled Loran~C Display System (PLDS) Communication

PLDS makes use of the all-call acquisition technique and the
roll-call polling technique discussed in Sect. 4.3. Communications are
carried out on a five minute cycle. This cycle begins with an all-call
broadcast which invites any ship not being polled to send its
identi fication so that it can be added to the polling list. Once on the
polling list, a ship is discretely polled at a rate set by the PLDS
operator. The polling rate can vary among ships on the polling list,.
However, the rate can never be faster than the time required to assure
that each ship's equipment could receiva and reply to a polling message.
This practical limit is approximately two seconds.
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£.1.1 Message Format

PI.DS communications are carried out using fixed length, fixed format
messages. Each message contains thirty three characters; each character
is represented by a ten bit ASCII code for a total of three hundred
thirty bits ver message. A'though the characters are transmitted in a
continuous string, the characters are grouped into eight fields. The
fields are named: (a) Preamble, (b) Destination Identification, (c}
Origin Identification, (4) Command Word, (e) Data Block A, (f) Data Block
B, (g) Check Sum and (h) End Code. Figure 6 illustrates the message
format.

5.1.1.1 Preamble

The preamble is a taree ciaracter field consisting of three less-than
({} =signs. The preamble characters are used to identify the beginning of
each message to either the monitor site computer or the ship-board

equipment control logic. The preamble is fixed and never changes.

5.7.1.2 Destination Identification

The destination identification is the identification of the station
for which the messaoce is intended. The destination identification
generally consists of five numeric characters arranged in order of
eianificance so that the least significant character is the right-most
character of the field, All leading zeros are represented by the ASCII
code for a space. The non-numeric exception for the destination
identi fication is the all-call broadcast which causes the characters
"COCO?" to appear in the field,

2,1.1.3 Origin Identification

The oriain identification is the identification of the station
transmittina the message. This five character field will always consist
of numeric characters arranged in order of significance so that the least
significant character is the right-most character in the field. All
leading zeros are represented by the ASCII code for a space.

5.1.1.4 Command Word

The command word is a three character, alphabetic field. This field
is used to command the shipboard eaquipment to perform certain functions.
At present the following command words are used:

fa) FENT - Used in the all-call broadcast to invite entry into the
system

(b) RPT - A request for position data

(c) 0SY - The command to change to a specified radio channel

(8) XNT - A signal that the ship will not be polled again.

5.1.1.5 Data Block A

Data Block A consists of seven alpha-numeric characters which can be
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used to convey information. In response to the command word RPT, the
shiphoard eguipment transmits a Loran-C time difference reading in this
data blocy. The characters are arranged in order of significance so that
the least significant character is the right-most character of the field,
21l hyphens, slashes and decimal pcints are not included in the field.
Leading zeros are represented hv the ASCII code for a space. 1In response
to the command word 0SY, the data transmitted corresponds to a channel on
a radio set. It consists of two numeric characters which are positioned
so that the left-most character in the field is a space, and the two
characters follow the space with the most significant character left
dustified. All other characters are spaces. In addition, in an all-call
broadcast, transmitted from the base station (CQCO?), all seven
transmitted characters are represented by ASCII code for a space.

5.1.1.6 Data Block B

Data Block B consists of seven numeric characters which can be used
to convey information. In response to the command word RPT, the
shivhoard eguipment transmits a Loran-C time difference reading in this
data hlock. The characters are arranged in order of signifance so that
the least significant character is the right-most character of the
field, All hvphens, slashes and decimal points are not included in the
field. When an all-call broadcast is made, the characters in this field
are represented by the ASCII code for a space, Also, in a poll using a
0SY command word, the characters in this field are represented bv the
ASCTT cofe for space.

2.1.1.7 Check Sum

The check sum is used to detect transmission errors, a check sum
value is agenerated for each message by summing the bytes representing all
the characters of the digital message up to, hut not including, the check
sum, The summing operation is performed on the seven data bits only.

The addition is performed without carry. The number is calculated at the
transmitting station and included in the digital message., It is also
calculated at the receiving station upon receipt of the message. I1f the
check sum calculated at the receiving station matches the check sum
contained in the digital messaaqe, it is assumed that no transmission
errors have occured.

The check sum field contains two ASCII characters. However, due to
the manner in which the check sum is calculated, the range of values
appearing in either of the character locations is limited to the
hexidecimal values O through F.

5.1.1.8 End Code

The end code character is a greater than (>) sign. It appears at the
end of each message.

5.2 PLDS Communication Protocol

All communications are controlled by the PLDS computer located at a
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base station and can be thought of as occurring in a ‘five minute cycle.
(See Fiqure 7). Each cycle begins with an all-call broadcast which
invites anvy vessel not being polled to signal its presence in the VTS
area. Once vessels are included in the polling list, they are polled at
a rate selected hy the base station operator. Each vessel could be
polled at a different rate if so desired.

5.2.1 All-Call Broadcast

The hase station broadcasts the all-call signal once every five
minutes. This broadcast is identified by the characters "COCO?" in the
destination identification field, the characters "99999" in the origin
ifdentification field and the characters "ENT" in the command word field.
Ships entering the VTS area monitor the communication frequency for the
all-cal) broadcast. When the broadcast occurs, the shipboard equipment
starts a timer that counts the seconds from the end of the broadcast.

The shipboard equipment also activates a random number generator that
generates a random integer number from 0 to 29, The equipment delays the
transmission of a reply to the all-call broadcast in the number of
seconds after the broadcast ends by the number of seconds corresponding
to the randomlv generated integer number. When the random number equals
0, the shivhoard equipment transmission is delayed 0.4 second after the
end of the all-call broadcast. Fach ship's reply includes the characters
"909448", as the destination identification, own ship's identification as
the orioin identification, the command word ENT and its Loran-C position
coordinates in DATA BLOCK A and DATA BLOCK B. The shipboard eguipment
continues to answer each successive broadcast until it is polled.

5.2.2 Polling Message

When the base station receives an error free message from a ship in
reply to an all-call broadcast, it adds the contents of the origin
identification field of the message to its polling list. This enters the
ship into the oolling scheme. During the four minutes and twenty-nine
seconds between all-call broadcasts, the PLDS computer polls each ship at
a specified rate. Upon receiving an error free polling message from the
base station, the shipboard unit must complete its reply within
approximately 2 seconds of receipt of the last character of the message.

The base station's polling message contains the ship's identification
in the destination identification field, the base statjon's
identification in the origin identification field, the characters RPT in
the command word field and space characters in the DATA BLOCK A and DATA
BLOCK B fields, The ship’s reply message will contain the base station's
identification in the destination field, the ship's identification in the
origin field and the ship's Loran ~ C position coordinates in the DATA
BLOCK A and DATA BIOCK B fields.

5.2.3 Change Channel Message

The change channel message is initiated from the base station. The
message includes the identification of the ship in the 3Jestination
identification field, the identification of the monitoring station in the
origin identification, the characters 0SY in the command word and a two
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diait channel number in DATA BLOCK A. DATA BLOCK B contains all space
characters, The two digit channel number pertains to a channel of a
radio set rather than to a particular frequency. The ship's reply
message will contain the bhase station's identification in the destination
identification field, the ship's identification in the origin
identification field, the characters QSY in the command word field and
the two digit number of the new channel in the DATA BLOCK A. The DATA
BLOCK B will contain all space characters. The shipboard unit must
complete its replv within approximatelv ? seconds of receipt of the last
character of the base station's message.

5.2.4 Termination Message

The termination message is used to signal a ship operator to turn off
his eouivment. The message is initiated by the base station operator.
The termination message contains the ship's identification in the
destination identification field, the base station's identification in
the origin identification field and the characters XNT in the command
word. DATA BLOCK A and DATA BLOCK B contain all ASCII space characters.
There is no replv to an XNT message. Instead, an alarm is initiated on
the shipbhoard unit that tells the shipboard operator to turn his unit off.

5.3 Message Frror EHandling

PIDS onlv operates on error-free digital messages. When messages
containina errors are received, they are ignored. No additional polling
is attempted: the next poll occurs when the ship's identification appears
in regular rotation in the polling list.

f.N SIMMAPY AND RECOMMENDATIONS

T™e position monitoring system requirements as discussed in this
revort can he met with the existing PIDS syster. Implementation of the
PIDS communications for VTS Valdez is recommended. Appendix A lists the
critical parameters of the communications subsystem required at vTS
Valdez. The remainder of this section will discuss other modifications
that could easilv be made to the communications protocol to improve its
efficency.

6.1 Communication Reliability

There are four major factors that will affect the reliability of
position monitoring communications at Valdez. Thev are:

{a) The reljabilitv of the micro-wave relay links.

(by The interference caused by both voice communications on the PLDS
frequency and cross talk and muting override in the communications
consoles in the VTS operations center.

(c) The quality of radio equipment used by vessels participating in
the system.

() The effects of propagation path loss as a function of the
Adistance between a ship's antenna and the VTS communications antenna.

Ttem (a) and (b) above are considered to be outside the scope of this
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paper hecause thev are part of the day-to~-day operations of VTS Valdez.
Tters (c) and (d) will be discussed because they can, if deemed
necessary, be addresse? in requlations.

£.1.1 Shipboard Radio Fauipment

The oualitv of shiphoard equipment has a greater impact on digital
communication than on voice communications. 1In general, this is because
the human ear either cannot perceive small distortions caused in the
transmission of voice or is able to compensate for it. On the other
hand, the circuits that accomplish digital communications cannot tolerate
the same Jlevels of distortion. Therefore, both the original quality of
equipment placed aboard a ship and the quality of the equipment at the
time of use can impact on the reliahility of digital comrmunications.

The proposed communications system makes use of two signaling tones
in tre voice hand. The concept of operations is that the tones be input
to a transmitter in the same manner as voice is input, and that they be
converted to a digita) form after being output by the audio section of a
receiver. This implies that if some minimum level of transmitter and
receiver performance was established, then some minimum expected level of
communications link performance could be expected.

An accented racdio eguivment standard is set by the Electronic
Industries Associatior (FIA)., Although compliance with EIA standards is
nrot mandatory, most U.S, manufacturers produce eguipment that either
eouals or exceeds the FIA standard. EIA Standard RS-204-A contains the
standar~As for Fregquencv Modulation (FM) receivers in the maritime mobile
hanA, This document specifies 2 minimum level of performance for the
calient operatina characteristics of an FM receiver. 1In a like manner,
FTTp Standar” RS-1%2-B contains the standards for transmitters in the
maritime mobile hand. It is recommended that reference to these EIA
cetandarAe he included in anv system specifications.

£.1.2 The Effects of Propagation Path Loss

Path loss is the attenuation of radio signal power as the signal
travels through the atmosphere. The minimum level of transmitter power
required to operate over the desired position monitoring system operating
area must be specified. This specification can be obtained by
calculatina the radiated transmitter power output necessary to meet the
minimum receiver input requirements at the maximum operating range.

The maximum operating distance is the distance from Johnstone Pt.
radio site to a point in the traffic lanes abeam of the southern tip of
Bligh Tsland. The distance is twenty three nautical miles. The minimum
receiver requirement was selected as .35 micro volts sensitivity to
produce an EJA 12 dB SINAD audio output. By way of comparison, the same
recuirement was calculated for Montague Pk which is a distance of thirty
two nautical miles.

The basic expression is:

27




Pp = P¢ + Gy + Gy - A P, = Power at Receiver
Py = Power at Transmitter

Gy, G = Antenna Gain
A = Path Loss g
{

T

ronditions:

; (a) Path Loss (A) frcm graph in Figure 8,

f (1) Johnstone Point (23 n.m.) - 145 dB r!
(2) Montague Peak (32 n.m.) - 154 dB F

; (h) Minjmum Required Power at the Receiver (P,)
{1Y .35 microvolts across S0 OHM impedance - (-) 146.1 4B - =
{c) Antenna Gain (Gy, Gs)

(1) Shipboard - OAdB §u
(?) Receiver site - 0dB ; ]

Tranrsposina the basic expression to:
By = P, - ) - Gy + A
The reauired minimum transmitter power is:

(a) Johnstone Point - (-) 1.1 dB or 1.3 Watts 14
{h) Montague Peak - 7.9 dR or 6.2 Watts E.

These calculations indicate minimum radiated power requirements. Some
marain of safetv should he added to the values to insure satisfactory t
operatior. Tn the absence of any further data to indicate an acceptable {3
level of output, it is recommended that the reaquired power output from E
|
!
§
§
K

either a shipboard transmitter or a base station transmitter be set a 25
Watts (14 dBW).

.2 Variation of the Operating Concept

The communications link implemented in the experimental position
monitoring svstem, PLDS, has been tested and found to be acceptable.
There are, however, some variations to the concept that might be applied
to the link to make it more efficient for use at Valdez, Ak. These
variations involve modifying the acquisition/polling technique and
modi fving the message formats. Each variation effects the way the final
system is implemented. Therefore, they cannot be arbitrarily tried and
discarded without some cost impact.

6.2.1 Changes to the Acquisition/Polling Technigue

| The acquisition/polling technigue was selected to provide for
' automatic operation. The all-call broadcast occupies thirty-one seconds
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)
every five minutes even if there are no ships to acgquire. Each polling \
message takes approximately .45 seconds to transmit, and the reply can !
hegin up to 1.55 seconds after the poll. This makes the possible total
time occupied bv one polling message and its replv to be approximately
2,45 seconds. Some easily implemented changes could be made to decrease
these times, thus reducing on-air time and increasing the amount of data .
that could be handled, i

1

The operating environment at Valdez suggests that an acquisition '
phase is not needed. All ships of interest report their estimated time ) !
of arrival at least thirty minutes prior to entrv into the system. Under
this mode of operation, ship's identification number could be passed to
the VTC when the ship reports its estimated time of arrival, and the VTC
controller could enter the number directly into a polling list by some
manual means. This would eliminate thirty-one seconds of potential dead
ajir time allocated to the all-call broadcast every five minutes, and .i
result in a conservation of approximately 2.5 hours of wasted transmit '
time every day. .

A change from the presently used roll-call polling technigue to an }!
assigned time slot pollina technique could also reduce the on-air time. 1
The present svetem utilizes approximatelv 0,45 seconds for polling, up to
approximatelv 1.55 seconds delay before they reply message arrives and b
N.45 seconds for the reply messaae itself. This makes a total of 2.45
seconds of on-air time. Tn a worst case situation where eighteen ships '
were heing monitored, it would take a maximum of 44.1 seconds to poll -
each ship once and get a reply. Bv using the assigned time slot polling
techniaque, the on-air time could he reduced bv better than one-~half. For
example, using the same length messages and assuming a 0.55 second guard
time between messages, all ships could be polled in 18.5 seconds. Under
an assianed time slot polling scheme, each ship could be assigned a time L4
slot when it reports its arrival to the VTC, The shipboard operator f‘
could manuallv enter the time slot indentification into his egquipment. P g
One disadvantage of using assigned time slot, however, is that it i{
prevents the transmission of any control information to individual ships '
as is done by the present PLDS communications link.

6.2.2 Modifying the Message Format

The PLDS messages are fixed format. Each message takes approximately
0.45 seconds to transmit. The polling messages, however, contain a large
number of spaces: each space requires a ten bit ASCII code to be
transmitted, Therefore, the polling messages could be shortened to the
length of the message containing the longest string of meaningful
characters. The longest polling message is the change channel (QSY)
message which contains twenty meaningful characters. By using twenty
characters in the polling message instead of thirty-three, the time
required to transmit the message is reduced from approximately 0.45
seconds to approximately 0.35 seconds. If all polling messages were
reduced to a fixed length of twenty characters, each poll/reply
communication sequence would be 0.10 seconds shorter.
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APPENDIX A
RECOMMENDED SUBSYSYSTEM PARAMETERS

A.1 Radio Transmitter and Receiver

Communications will be carried out using the type of radio
transmitter and reciever normally used in the maritime mobile band 156 to
174 MHz. This equipment is frequency modulated with a maximum frequency
deviation + S5kHz. The communications link will be established on one of
the currentlv desionated channels.

A.2? Siagnaling Characteristics

Signaling will he accomplished usino audio frequency shift keying
(AFSK)Y, There will he two siagnaling tones that conform to the Bell 202
characteristic. 1200 Hz represents a mark or binary one, and 2200 Hz
represents a space, Or binary 0. The input amplitude of the tones should
be adjusted to provide between + 3.5k Hz and + 4kHz deviation of the
transmitted carrier frequency. This range is an arbitrarily selected
ranae to insure a uniformity of audio signal strength.

A.? Data Code

Data will be coded usina the ten level American Standard Code for
Informatior Interchange (ASCIT) code which includes one start bit, seven
data hite, one paritv bit and one stop hit, Parity will be even. Data

will he transmitted at 1200 bits per second (bps).

2.4 Communications Protocol

The communications cvcle will be selectable bv the VTS operator at
eitrer one, two, three or four minutes. Durina each cycle, the first
thirtv-one seconds will be allocated to the acquisition broadcast and the
remainder of the time will be used for polling. The polling rate will be
the same for all vessels being monitored. The presently estimated worst
case situation of eighteen ships being tracked at one time can be handled
by this system.

A.4.1 All-rall Broadcast

The 211-call broadcast is used to acquire the identification numbers
of ships entering the VTS service area so that they can be polled. Upon
receipt of the broadcast signal, the shipboard equipment will generate a
random integer number ranaina from 0 to 29: the equipment will also start
a timer. When the timer has counted a number of seconds since the end of
the broadcast message that is ecual to the random number, the shipboard
equipment will transmit the ship's identification number and it's
position coordinates. The message format is be described in A.5. Timing
begins with the receipt of the last character of the broadcast message.
When the random numher is 0, the shipboard equipment must beagin
transmitting within 0.4 seconds of the end of the all-call broadcast.
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A.2.2 Polling Message

Once a ship's identification number has been acquired via the
all-call broadcast, that ship will be polled regularly to obtain position
information. The message formats will be described later in this
appendix., The shipboard equipment will begin transmitting its reply to a
polling message as soon after receipt of the message as possible. Under
no circumstances should the transmission of the reply message begin later
than 1.0 second after the receipt of the last character of the polling
message, The 1.0 second time limit is an arbitrary limit selected to
insure the poll/respond communications event will be completed in a
reasonable amount of time. It is anticipated that the shipboard
eguipment can easilv respond within this time limit.

A.4.3 Message Error Handling

The position monitoring svstem will only process error free
messages. Anv messages with errors will be ignored. Wwhen either station
receives a message with an error in it, the message will be discarded and
no action will be attempted. For the all-call acguisition broadcast, the
shipboard urit will not reply to a message which contains an error, and
the base station ecuiopment will not add a ship's identification to the
polling list when it receives a replv with an error in it, 1If a
shipboard unit replies to an all-call broadcast and is not polled before
the next all-call hroadcast occurs, the shipboard unit must be able to
respond to the next all-call broadcast. For polling messages, the
shipboard unit will not respond to a polling message containing an error,
and the base station ecuipment will discard a reply containing an error.
When an error free replv is not received as a result of a pelling
message, the bhase station equipment will transmit an additional poll
after it has polled eack ship in its pollinag list. Upon being entered
into the svstem bothk hv answering an all-call broadcast, and receiving
and answering a polling message, a shipboard unit should receive one
error free polling message Auring the period between each all-call
broadcast. If two all-call broadcasts occur and a shipboard receiver has
not received an error free polling message, the shipboard equipment will
automaticallv answer the third all-call broadcasts.

A.5 Message Format

The aeneral message format is shown in Figure A-1, All messages,
both base station originated and ship originated, have the same format
and are the same length. Fach message contains eight fields, The fields
are named: (a) Preamble, (b) Destination Identification, (c) Origin
Identi fication, (4) Command Word, (e) Data Block A, (f) Data Block B, (g)
Check sum and (h) End Code. The following is an explanation of each field

A.5.1 Preamble

The preamble marks the beginning of each message. It consists of
three less-than signs (). The preamble characters never change.
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A.5.2 Destination Identification

This is an alpha-numeric field that identifies the station to which a
message s addressed. The characters in the field are oriented in order
of significance so that the least significant bit is the right-most
character in the field. All leading zeros will represented by the ASCIT
code for a space. For the most part, the characters in this field will
be numeric: the exception occurs in the all-call broadcast in which
~OCQ?  appears in the field. Both shipboard and base station units will
include a destination identification in each transmitted message. The
base station equipment will obtain the identification numbers via the
all-call broadcast. The shipboard unit will obtain the identification
number from the origin identification field of either an all-call
broadcast or a polling message.

A.5.3 Origin Identification

The oriain identification is a five character numeric field that
contains the identification of the station transmitting each message.
The characters will be oriented in order of significance so that the
least significant is right-most in the field. All leading zeros are
represented by the ASCIT code for space. Fach message transmitted will
contain an oriain identification.

A.5.24 Command Word

This is a three character alphabetic field. The field is used to
command the shipboard units to perform certain functions. The shipboard
unit will alwavs echo back the command word contained in the polling
message to which it is responding. 7Tt is recommended that only the
command words FNT and RPT be used in Valdez because:

3. The loran~C printers intented for use at Valdez will not
support automatic channel changing.

h. The termination message need not he sent because each ship
can be instructed to turn off its equipment when it checks
out of the VTS.

A.5.5 NData Block A

Data Block A is a seven character alpha-numeric field. This field
will be used hy each ship to transmit either the M-X time difference
reading from a Loran-C receiver or the ship's position latitude
coordinate. 1In either case, all slashes, hyphens and decimal points will
be eliminated from the value before its placed in Data Block A. The
characters will be oriented in order of significance so that the least
significant character is right-most in the field. All leading zeros will
be represented hy the ASCII code for space. Fither a time difference or
a latitude value will be included in each ship's response to either an
all~call broadcast or a polling messaqge.

+

cnditia i




A.5.5.,) Time Difference Value in Data Block A

The time difference value placed in Data Block A will contain the
complete time difference value to 0.1 micro-second resolution. This will
place six characters in the field. The seventh character, a leading
zero, will contain a space.

A.5.5.2 Latitude Values in Data Biock A

The presence of a latitude value in Data Block A will be indicated by
placing the letter "N" in the left-most character of the field. The
remaining six characters will contain the latitude value expressed in one
of the two wavs: (a) degrees, minutes, seconds or (b) degrees, minutes,
tenths of minutes. The following conventions will be used in positioning
the latitude value in the remaining six data block characters:

{a) Where Degrees, Minutes, Seconds are used, the value will be
entered as follows- DDMMSS. The complete field will be
appear as follows- NDDMMSS.

(b) Where Degrees Minutes, Tenths of a minute are used, the value
will be riaht justified in the field as follows - DDMMT. The
comolete field will appear as follows - N DDMMT. A Space
character will seperate the letter N from the latitude value.

A.%,f Data Rlock B

Data Block B is a seven character numeric fie)ld. This field will be
veed bv each ship to transmit either the M-Y time difference reading from
a loran-C receiver or the ship's position longitude coordinate. 1In
sither case, 211 slashes, hvphens and decimal points will be eliminated
from the value before it's placed in the field. The characters will be
oriented in order of sianificance so that the least significant character
is riakt most in the field. All leading zeros will be represented by the
ASCTT code for space. Either a time difference or a longitude value will
be included in each ship's response to either an all-call broadcast or a
polling message.

A.5.6.1 Time Difference Value in Data Block B

The time difference value placed in Data Block B will contain the
complete time difference value to 0.) microsecond resolution. This will
provide six characters in the field. The seventh character, a leading
zero, will contain a space.

A.5.6.2 Lonaitude Value in Data Block B

The longitude value can be expressed in two ways: (a) Degrees,
Minutes, Seconds and (b} Degrees, Minutes, Tenths of a Minute. The
following convention will be used in positioning the longitude value in
the field:

(a) Where Degrees, Minutes, Seconds are used, the value will
appear as follows - DDDMMSS.
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(b) Where Degrees, Minutes, Tenths of a minute are used, the
value will appear as follows - DDDMMT. The value will be

right justified in the field. The left-most character will
he a space.

A.5.7 Check 3um

The check sum is used to detect transmission errors. A check sum

value is generated by each station transmitting a message and is included

in the messaae. ™he receiving station also calculates the check sum; if
the transmitting station value and the receiving station value match, no
transmission errors occurred. The check sum is calculated by summing,

without carrv, the seven data bits in each character of a message up to,

hut not including the check sum. The result is a seven bit word whic% is

the check sum value. Taken with an unused sign hit, the word becomes an
ejght bit word. The eight bit word is divided into two four bit
nibbles. Fach of the nibbles is placed in the least significant bit
positions of one of the two ASCII check sum characters and transmitted.

A.5.8 End CoAde

The end code character is greater-than (>) sign. It appears at the
end of each message,

B,A Time Characteristic of each Transmission

Fach message is thirty-three characters long for a total of three
hundred thirty bhits. When transmitted at 17200 bits per second, each
message takes 0.?75 seconds to send, However, in order to insure that
the receiving station's radio receiver's squelch circuit is off, the
transmitter carrier will be transmitted 0.150 seconds prior to beginning
modulation, BAlso, the carrier will he kept on 0.030 seconds after
modulation stops. This means that each transmission will occupy 0.455
seconds of on-air time. Figure A-2 shows the various timing
relationships.

A.7 Ship and Shore Station Identification

The five character identification for both ship and shore stations
was selecte? to conform with the requirements of the International
Telecommunications Union Radio Regulations concerning selective call
numberes assigned in the maritime mobile service. Article 19, Paragraph
28 of the regulations prescribe that ship station selective call numbers
congsist of five digits. However, operational requirements of the
recommended position monitoring system preclude the use of the two
numbers 00000 and 99999 as ship station identification numbers. These
numbers must be reserved for the shore station identification.
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